Superheavy dark matter can satisfy the observed dark matter abundance if the stability condition is fulfilled. Here, we propose a new Abelian gauge symmetry U(1) H for the stability of superheavy dark matter as the electromagnetic gauge symmetry to the electron. The new gauge boson associated with U(1) H contributes to the effective number of relativistic degrees of freedom in the universe as dark radiation, which has been recently measured by several experiments, e.g., PLANCK. We calculate the contribution to dark radiation from the decay of a scalar particle via the superheavy dark matter in the loop. Interestingly enough, this scenario will be probed by a future LHC run in the invisible decay signatures of the Higgs boson.
I. INTRODUCTION
Although dark matter (DM) is one of the most important constituent of the universe [1] , its nature is still almost unknown.
Indeed, we still have no concrete evidence for the weakly interacting massive particle (WIMP) from any experiments including the Large Hadron Collider (LHC) and DM direct searches below O(TeV) even though the WIMP or "heavy neutrino" [2] has been regarded as a promising candidate since the late 1970s. On the other hand, heavier DM * Electronic address: log1079@gmail.com † Electronic address: s.park@skku.edu
particles,
O(TeV), have been relatively less studied due to a mass limit from the socalled unitarity bound. If this bound is applied on the DM relic density, for a Majorana fermion, one can obtain the following relation [3] :
where • Instability of DM: A heavier particle is generally more unstable if no symmetry principle precludes its decay.
• On the other hand, for WIMPZILLA, the instability problem gets worse due to the extremely high mass. In the presence of gravity, a global symmetry does not work, so all the stable particles need gauge symmetries [7, 8] . In this work, for the stability of WIMPZILLA, we introduce an Abelian group U(1) H , which similarly acts as U (1) Lagrangian [25] is given by
where bidden. The details will be given in Ref. [15] .
The scalar particle decays into two hidden photons through a diagram with the virtual ψ in the loop, as shown in Fig. 1 . The decay rate of φ is strongly suppressed by the superheavy mass of WIMPZILLA ψ:
where α H = g 
III. OBSERVATIONAL LIMITS
Now, we will consider the contributions to dark radiation observed in BBN and CMB data and the invisible decay of the Higgs at the LHC.
A. Dark Radiation
The recent observational results on the effective number of relativistic degrees of freedom, N eff , are as follows: 
Besides the dark radiation component coming from the φ decay, the primordial hidden photon γ H can contribute to ∆N eff . In this case, the primordial contribution is, however, quite suppressed as ∆N primo γ H ≈ 0.053, which is well explained in Ref. [21] .
Finally, the total contribution of this WIMPZILLA model to N eff is given by 
Recently, the invisible branching fraction of the Higgs was measured by ATLAS [22] and CMS [23] . A global fit analysis based on all the Higgs search data provides a constraint on the invisible branching fraction of the Higgs: BR inv = Γ h→invisible /Γ h→all < 0.24
at the 95% C.L. assuming the SM decay rates for the other decay modes and BR inv < 0.34
at the 95% C.L. allowing non-standard values for h → γγ and h ↔ gg [24] . We finally obtained a limit on the Higgs portal coupling which is shown in Fig. 2 . 
